Tests to investigate oxygen deficiency levels due to release of helium into the CBA tunnel are described. Results of the tests indicate that the helium stratifies and spreads quickly in the horizontal plane. This demonstrates that adequate warning of possible asphyxiation hazards can be achieved. When oxygen deficiency monitors are located at ceiling level they may be spaced at intervals of 60 m. or more and still achieve acceptable results.
Background
There have been many instances where death has resulted from asphyxiation in confined spaces such as submarines, storage tanks, etc. All cases which were found involved gases which are heavier than air. The CBA tunnel will house superconducting magnets and cryogenic piping which could upon failure release very large quantities of helium into the confines of the tunne 1.
The only data found for helium releases in a similar configuration was in an unpublished Fermilab report on a simulated, large-scale liquid helium spill in their tunnel.
The study reported in this paper was instituted specifically to determine if a relatively small leak could, over a long period of time, go undetected by the Oxygen Deficiency Monitors (ODM) in the CBA tunnel and create a pocket where a potentially dangerous deficiency of oxygen could exist.
Test Site Geography
The tests were carried out at CBA Sextant V East Injection/Ejection area during initial stages of magnet installation for the "Full Cell" test program. The tunnel cross-section is shown in Figure 1 and has an area of approximately 14 sq. meters. ODM sensors were located in positions as shown in the plan view of Figure 1 . The sensors were mounted at the highest point of the ceiling, approximately 3.3 meters from floor level for the horizontal flow tests and were later grouped and arranged vertically as shown in the tunnel cross-section of Figure 1 to measure floor to ceiling oxygen gradients.
A push-pull fan system provides emergency ventilation for the tunnel. The push-pull ratio is chosen so that a slight negative pressure is created in the tunnel. The air flow during operation of these fans is from right to left in Figure 1 . When all fans are energized an air flow velocity of 0.6 meters per second sweeps the tunnel. G. The emergency ventilation fans cleared the tunnel effectively when the helium release was stopped. The time required to clear seems to be independent of the helium release rate used.
The test sequence for the 1 g/s release rate yielded a lower propagation velocity (0.2 m/s) and a higher steady state 02 level (20.6 %) than the tests with higher flow rates.
Following the tests with the ODM sensors spread horizontally at ceiling level, four sensors were relocated in the vertical grid shown in the tunnel cross-section of Figure 1 . The grid was located 6 meters up the tunnel from the helium release point toward the air supply from the fans. The helium release rate was 15 g/s for this test. The response of the sensor (see Figure 3) the 02 concentration to rise at the 2.2 m. elevation while causing it to fall at the two lower elevations.
These test results indicate that the helium does tend to rise rather than mix evenly throughout the tunnel cross-section. This is convenient from the standpoint of detecting oxygen deficiency due to helium leakage because a detector located at the ceiling will always indicate the lowest 02 concentration and it is unnecessary to sample at other elevations. This would not be the case if significant quantities of inert gases of higher density than air were used in the tunnel. 
